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ABSTRACT

Tillage Systems for Production of Small-Grain Pasture

M. T. Bowman, P. A. Beck,* K. B. Watkins, M. M. Anders, M. S. Gadberry, K. S. Lusby,

The objective of this study was to compare conventional tillage (CT), reduced tillage (RT), and no-till (NT) establishment of
wheat (Triticum aestivum L.) and rye (Secale cereale L.) forage for stocker calves (Bos faurus). Animal performance was analyzed
as a completely randomized design using the mixed procedure of SAS. In the 2002-2003 study, grazing-d ha~! was greater (P <
0.01) for CT than RT, but NT did not differ (P = 0.08) from CT and RT, while gain ha1 was not affected (P > 0.42) by tillage
treatment. During 2003-2004, grazing-d ha~! was identical for all pastures, but gain ha™! of NT was greater (P = 0.05) than
CT and RT. Grazing-d ha™! was greater (P = 0.05) for NT than CT and RT in 2004-2005 and gain ha™! tended to be greater
(P =0.10) for NT than CT and RT. During 2005-2006, grazing-d ha! of CT was greater (P = 0.03) than RT, but gain haldid
not differ (P > 0.81) among treatments. Establishment of small-grain pasture using NT and RT was as successful as CT when

timely fall rains promoted small grain emergence and growth, while NT was superior to CT and RT when fall rains are delayed

and soil water profile can be maintained by summer chemical fallow.

N THE FALL AND EARLY SPRING, small-grain pastures

have been used extensively to improve net-farm income in
the High Plains. This improved net income comes from the
availability of high-quality forage at a time of year when it
is usually scarce and the availability of weaned calves is at a
seasonally low price. Coulibaly et al. (1996) stated that graz-
ing stocker cattle on wheat pasture in Oklahoma is one of
the most profitable cattle enterprises available to producers.

Although there are economic advantages, grazing pro-
grams using small-grain forage have faced several chal-
lenges. These include too much or too little precipitation
causing delayed planting, poor growth, and muddy condi-
tions. Establishment of small-grain crops has tradition-
ally involved intensive tillage techniques. Increased costs
of equipment, fuel, and labor have raised questions about
whether CT methods of production are the best option.
The USDA (2003) reported that most of today’s cropland
has lost at least one-third or more of its carbon since its con-
version into cropland. Cole et al. (1997) reported that soil
organic carbon can be increased by decreased fallow periods,
use of winter cover crops, conservation tillage, and erosion
control.
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In the southeastern United States, areas used for grazing gen-
erally have shallow, erosive soils. Therefore, farmers are urged
to adopt conservation-tillage systems such as NT and RT.
No—tillage techniques can maintain soil moisture and improve
seedling establishment when precipitation is lacking (Allen
and Entz, 1994). Additionally, NT has been shown to be an
economically sound alternative to CT because of reductions in
labor, machinery, and fuel costs (Ribera et al., 2004; Gemtos
etal.,, 1998). However, cattle producers are reluctant to assume
conservation-tillage practices due to fears of reduced forage
yields. A limited amount of research has been conducted on
the differences of forage yields among tillage methods. Wiatrak
et al. (2004) reported that wheat forage yields were lower for
NT than CT during some years. Lower ryegrass forage yields
have been documented for NT plots compared with CT plots
(Lang, 1992; Cuomo and Blouin, 1997). However, NT meth-
ods can contribute to better forage utilization in muddy condi-
tions due to higher soil strength at the surface (Garcfa-Préchac
et al.,, 2004). The objective of this study was to quantify differ-
ences in animal performance, forage growth, and forage quality
of small-grain forages established using CT, RT, and N'T.

MATERIALS AND METHODS

Study Site

A preliminary study was initiated in the fall of 2002 and a
subsequent long-term tillage system evaluation was initiated
during the fall of 2003, on 24 ha at the University of Arkansas
Livestock and Forestry Branch Station near Batesville, in
northeast Arkansas. The study site consisted of Peridge silt
loam soil (fine-silty, mixed, mesic Typic Paleudalfs), a deep
well-drained upland soil with moderate fertility (Hoelscher
and Laurent, 1982). For the 6 yr before 2002, the area had been
managed under CT to produce small-grain forages for stocker

Abbreviations: ADF, acid detergent fiber; ADG, average daily gain; BW, body
weight; CP, crude protein; CT, conventional tillage; IVOMD, in vitro organic matter
disappearance; NDF, neutral detergent fiber; N'T, no till; RT, reduced tillage.

Agronomy Journal <+ Volume 100, Issue 5 -

2008 1289

)
19
5

=
5

a2
-
)

g
c

.2

b
0
5

=
0
S
o




cattle. In the current study, small-grain pasture was established
using: (i) CT: seed sown into a prepared seedbed (ii) RT: a
single pass with a light disk and seed was then broadcast; or (iii)
NT: direct seeding into an undisturbed seedbed. Five replicates
of each treatment were randomly allocated to 1.6-ha pastures
within the study site before study initiation and tillage treat-
ments remained in the same pastures in subsequent years.

Seedbed Preparation and Planting

Conventional tillage consisted of chisel plowing each treatment
pasture two times followed by disking two times with a cutting
disk to incorporate any plant material and fertilizer or lime into
the soil. A finishing disk was used two times before planting.

No-till and RT pastures were prepared by applications of
1.4 kga.i. ha™! of glyphosate [N-(phosphonomethyl) glycine]
(Roundup Original Max, Monsanto Co., St. Louis, MO) dur-
ing the early summer for annual grass and weed control and
before planting. In RT, pastures were established by disking
once with a finishing disk to disturb the soil surface residue to
a target of 50% residue cover at the time of seeding. A conven-
tional fertilizer spreader was used to broadcast seed after disk-
ing and then harrowed once to cover the seed.

For the preliminary study in 2002, seed was sown in CT
pastures using a pull-type drill (model 20X7B, Deere and
Co., Moline IL) and N'T pastures were sown with a 2.4-m N'T
drill (Tye Pasture Pleaser, AGCO Company, Duluth, GA) in
17.8-cm rows to a depth of approximately 2.5 cm. For the sub-
sequent study beginning in 2003, NT and CT pastures were
sown using a 3.7-m John Deere grain drill (model 750, Deere
and Co., Moline, IL) in 17.8-cm rows to a depth of approxi-
mately 2.5 cm.

Pastures in all treatments were seeded during the first week
of September with 68 kg ha™! of cereal rye (cv. Wintergrazer
70, Pennington Seed Co., Madison, GA) and 68 kg ha™! of
soft red winter wheat (cv. Delta King 9027, Delta King Seed
Co., McCory, AR). Seed of each species was blended in a Gehl
Mix-All mixer (model 55, Gehl Company, West Bend, W1).
After mixing, seed was removed from the mixer and reweighed
before planting. Each pasture was individually soil tested
and fertilized and limed to meet soil-test recommendations
(Chapman, 1998). Average soil surface residue for NT, RT, and
CT pastures was 82, 65, and 4%, respectively, at planting over
the 4 yr.

Forage Measurements and Sampling

During the preliminary study, for the 2002-2003 growing
season, forage mass and stocking rate decisions were based on
visual estimates. During the 2003-2004, 2004-2005, and
2005-2006 grazing seasons, forage yields were estimated using
a calibrated rising-plate meter with 20 sampling points per
pasture (Michell and Large, 1983). Calibration samples were
collected by clipping all forage within a single 0.25-m? frame
in each pasture to a 2.5-cm stubble height with hand shears.
Clipped forage was dried to a constant weight under forced air
at 50°C. Dry weights of these clippings were used to relate for-
age mass (kg ha™!) to plate height within each treatment using
linear regression for forage mass prediction.

Forage samples collected to be representative of diets con-
sumed by grazing steers were collected from all pastures at

four times during the 2003-2004 grazing study and monthly
during the 2004-2005 and 2005-2006 studies by clipping
forage to mimic forage selected by grazing steers. Samples were
dried to a constant weight at 50°C under forced air. Dried
samples were ground though a 1-mm screen in a Wiley Mill
(Arthur H. Thomas, Philadelphia, PA). Samples were ana-
lyzed for dry matter (DM) and organic matter (Association

of Official Analytical Chemists, 1990). Concentrations of N

in each forage sample were determined by rapid combustion
(850°C), conversion of all N-combustion products to N, and
subsequent measurement by thermoconductivity cell (LECO
model FP-428; LECO Corp., St. Joseph, MI). Crude protein
(CP) was calculated as the percentage of N in the sample mul-
tiplied by 6.25. Analyses for neutral detergent fiber (NDF),
acid detergent fiber (ADF), and in vitro OM disappearance
(IVOMD) were conducted using the batch procedures outlined
by ANKOM Technology Corporation (Fairport, NY). Sodium
sulfite and heat-stable A-amylase were not included in the NDF
solution. Ruminal fluid for [IVOMD analysis was obtained
from two ruminally-cannulated steers that were offered a diet
of 85% alfalfa hay and 15% concentrate (as-is basis: 91.0%
cracked corn, 4.0% liquid molasses, 5.0% trace mineral salt)

at 2.0% body weight (BW) daily (as-fed basis). The steers were
adapted to the diet for a minimum of 7 d before collecting
ruminal fluid. Concentrations of ash were determined by com-
busting 2-g samples at 500°C for 8 h in a muffle furnace. All
determination of DM performed in conjunction with the labo-
ratory procedures described above were accomplished by drying
the forage or fiber residue overnight ac 100°C.

Animal Management

All animal procedures in the following experiment were
conducted in accordance with the recommendations of
Consortium (1988) and were approved by the University of
Arkansas Institutional Animal Care and Use Committee.

All steers placed on each study were crossbred (English
x Continental) calves and stratified by weight and breed
characteristics to each of the three tillage treatments.
Pastures were stocked when forage height reached 20
cm and were removed when forage mass (end of winter
grazing period) or forage quality (end of spring grazing
period) limited performance. Steers were preconditioned
for 42-d before turnout and implanted with 40 mg tren-
bolone acetate and 8 mg estradial (Revalor—G, Intervet
Inc., Millsboro, DE). Individual steer BW was recorded at
the initiation and termination of grazing following a 16-h
withdrawal period from feed and water.

The initial stocking and removal dates and grazing days
for each grazing season are summarized in Table 1. During
2002, grazing was managed using the put-and-take method,
where calves were added as needed to maintain equal graz-
ing pressure among pastures as described by Sollenberger
and Burns (2001). During the fall, 90 steers (BW = 213 +
2.7 kg) were placed on pasture on 13, 29, and 21 November
for CT, RT, and NT, respectively, using a stocking rate of
3.75 steer ha ! for the fall grazing period. For the graze-out
phase in 2003, a total of 167 steers (BW =259 + 4.4 kg)
were placed on pasture in three groups. An initial stock-
ing of 45 steers (3 per pasture) were placed on pastures on
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Table I. Effect of tillage system on average grazing initiation
and termination dates for steers grazing small-grain pastures
during the fall and spring grazing periods.

Establishment Grazing Grazing Grazing-
method initiation  termination days

Fall, 2002-2003

Conventional tillage 13 Nov. 28 Jan. 76

Reduced tillage 29 Nov. 28 Jan. 60

No till 21 Nov. 28 Jan. 68
Spring, 2003

Conventional tillage 27 Feb. 5 May 66

Reduced tillage 25 Feb. 6 May 69

No till 25 Feb. 5 May 68
Fall,2003—-2004

Conventional tillage 28 Oct. 23 Jan. 87

Reduced tillage 28 Oct. 23 Jan. 87

No till 28 Oct. 23 Jan. 87
Spring, 2004

Conventional tillage 2 Mar. 27 Apr. 56

Reduced tillage 2 Mar. 27 Apr. 56

No till 2 Mar. 27 Apr. 56
Fall, 20042005

Conventional tillage 3 Dec. 28 Jan. 56

Reduced tillage 6 Dec. 28 Jan. 53

No till 16 Nov. 28 Jan. 73
Spring, 2005

Conventional tillage 9 Mar. | May 53

Reduced tillage 9 Mar. 7 May 59

No till 9 Mar. 9 May 6l
Fall, 2005-2006

Conventional tillage 18 Nov. 16 Feb. 90

Reduced tillage 18 Nov. 16 Feb. 90

No till 18 Nov. 16 Feb. 90
Spring, 2006

Conventional tillage 3 Mar. 28 Apr. 56

Reduced tillage 6 Mar. 28 Apr. 59

No till 6 Mar. 28 Apr. 59

31 January, while a second group of 68 steers was added

on 17 March and a third group was added in mid-April in
an attempt to equalize forage allowance among pastures,
with a targeted forage allowance of 0.20 to 0.24 kg DM kg
BW~! and forage mass of 1243 to 1339 kg ha™! (Redmon et
al., 1995).

The stocking rates during the subsequent grazing studies
were set based on forage allowance estimated from rising
plate data. In the fall 0of 2003, 90 steers (BW =208 £ 2.2
kg) were assigned to pastures on 28 October at a stock-
ing rate of 3.75 steer ha=L. During the fall of 2004, 60
steers (BW =220 + 5.7 kg) were assigned to pasture on 3
December, 6 December, and 16 November for CT, RT, and
NT, respectively, at a stocking rate of 2.5 steer ha=L. In the
fall 0f 2005, 60 steers (BW =233 + 6.2 kg) were assigned to
pastures on 18 November at a stocking rate of 2.5 steer ha™l.

In the spring of 2004, 135 steers (BW =233 + 2.5 kg)
were assigned to pasture on 2 March at a stocking rate of
5.63 steers ha™! and removed on 27 April. In the spring
0f 2005, 135 steers (BW =226 + 3.4 kg) were assigned
to treatment pastures on 9 March, at a stocking density
of 5.63 steers ha™l. In the spring of 2006, a total of 180
(BW =240 + 2.9) steers were utilized. The initial stock-
ing consisted of 9 steers per pasture, which were placed
on treatment pastures between 28 February and 8 March.
Three steers were then added to all treatment pastures on
12 March.

Table 2. Precipitation and average daily temperature at the
research site during four small-grain growing seasons.

Year Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Precipitation mm
2002-2003 80 47 46 197 37 136 34 56 259
20032004 92 60 147 109 50 51 106 204 140
2004-2005 | 212 207 68 104 62 106 109 132
2005-2006 132 0 68 I5 98 49 118 120 107
30-yr averagef 87 98 134 110 80 81 Il 116 19
Average daily temp. °C
2002-2003 25 16 10 7 3 5 18 21
2003-2004 20 17 12 5 2 4 12 8 21
2004-2005 23 18 I 5 6 7 9 I5 18
2005-2006 24 14 || 3 7 3 12 18 19
30-yr avg.t 22 15 9 4 2 4 9 14 20

T 30-yr average 1976 to 2006.

Statistical Analysis

Animal BW, average daily gain (ADG), BW gain, grazing-d
ha™!, and BW gain ha™! were analyzed as a completely random-
ized design using the mixed procedure of SAS (SAS Institute,
1991); pasture within tillage treatment by year was used as
the random statement. In the presence of a year X treatment
interaction (P < 0.05), data were analyzed by year using pasture
within treatment as the random statement and the variance
components option was used as the covariance structure. Least-
squares means were separated using nonorthogonal single df
contrasts to test the (i) effect of N'T vs. varying levels of tillage
(i.e., NTvs. CT and RT) and (ii) RT vs. CT. Treatment differ-
ences were considered significant with a P-value of < 0.05.

Forage mass prediction equations for the rising plate data
were generated using the regression procedure of SAS using the
clipping data for each collection period. Forage DM mass ha™!
and forage nutritive value were analyzed as a repeated measure
using the mixed models procedure of SAS; in the presence of
asignificant year x tillage treatment x sampling date effect (P
< 0.01), least squares means were analyzed by year and least-
squares means were separated using the predicted differences

option of SAS.

RESULTS AND DISCUSSION

Forage Production

In the fall of 2003 (September, October, November, and
December), precipitation (Table 2) was near 30-yr average lev-
els, but was below 30-yr average during the late winter 2004
(January, February, and March). Average daily temperatures
(Table 2) were near to slightly above 30-yr average throughout
the grazing season. At the initiation of the 2003 fall grazing
period in October, there was no difference (P > 0.17) in forage
DM accumulation among treatments (mean = 1696 + 103.4
kg DM ha™!). At the end of the fall grazing period of 2004
(January), CT pastures had less (P < 0.01) forage than N'T and
RT pastures, which did not differ (P = 0.15; 1017, 1678, and
1466 + 103.4 kg DM ha™!, respectively). At the initiation of
the 2004 graze-out in March, N'T pastures had more forage (P
< 0.01) than CT and RT pastures, while RT tended (P = 0.06)
to have more forage than CT (1082, 1658, and1,360 + 103.4 kg
DM ha! for CT, NT, and RT, respectively). At the end of the
2004 graze-out phase in April, CT pastures had less (P < 0.03)
forage than N'T and RT pastures, which did not differ (P =
0.53), averaging 1428, 1845, and1753 + 103.4 kg DM ha! for
CT, NT, and RT, respectively.
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During the fall of 2004, only a trace (1 mm) of precipitation
(Table 2) was recorded following planting in September but
precipitation levels were above 30-yr average during October,
November, and January; average daily temperatures were above
30-yr average for all months during the study except May. For
the 2004-2005 grazing season, forage accumulation did not
differ (P 2 0.18) among tillage treatments in October (overall
mean 658 + 212.8 kg DM ha™!). In November, forage DM for
NT pastures (1649 + 212.8 kg DM ha™!) was greater (P < 0.01)
than RT (663 + 212.8 kg DM ha™!); forage production of CT
(1149 + 212.8 kg DM ha™!) was intermediate and did not dif-
fer (P =0.11) from NT or RT. In December, CT pastures had
more forage than RT (2 = 0.01); NT was intermediate and did
not differ (P = 0.16) from the other treatments; averages were
2050, 1691, and 1269 + 212.8 kg DM ha™! for CT, NT, and RT,
respectively. There were no differences (2 2 0.28) in forage mass
in January, February, March, and April, which averaged 1145,
816, 1653,2790 + 212.8 kg DM ha™l, respectively. At the end
of the spring grazing period in May, N'T pastures had more (P <
0.01) forage than RT and CT pastures, while residual forage was
greater (P < 0.01) in RT than CT, averaging 2895, 4295, 5228 +
212.8 kgDM ha~! for CT, N'T, and RT, respectively.

In the fall of 2005, precipitation during September was
greater than 30-yr average precipitation, while no precipitation
was recorded in October and below 30-yr average precipitation
was observed in November and December. In the 2005-2006
grazing season, there was no difference (P>0.61) in forage
mass among tillage systems during October and November,
which averaged 1256 and 2789 + 177.3 kg DM ha™!, respec-
tively. In December, NT pastures (2848 + 177.3 kg DM ha™1)
contained more (P < 0.05) forage than CT (2341 + 177.3
kg DM ha™!) or RT (2323 + 177.3 kg DM ha™!) pastures. In
January, CT pastures contained more (P < 0.01) forage than
RT or NT pastures, which did not differ (P = 0.11), averaging
3751, 2465, 2868 + 177.3 kg DM ha~! for CT, RT, and NT,
respectively. There were no differences (P 2 0.21) among till-
age treatments in forage mass in February (overall mean 2485
+ 1773 kg DM ha™!). In March, N'T pastures (2589 + 177.3
kg DM ha™!) contained less (P < 0.01) forage than CT (3537
+177.3 kg DM ha!) and RT (3319 + 177.3 kg DM ha™!)
pastures, which did not differ (P = 0.39). In April, RT and CT
pastures contained more (P < 0.01) forage that N'T pastures
and RT tended (2 = 0.08) to have more residual forage mass
than CT pastures, averaging 4412, 3570, 4848 + 177.3 kg DM
ha~! for CT, NT, and RT, respectively.

The forage mass data from this study indicate that conserva-
tion tillage techniques produce adequate forage for stocker
cattle production. These results conflict with Wiatrak et al.
(2004) and Soon et al. (2001) who reported that wheat forage
production was greater for CT than NT pastures. However,
the results of the current study agree with results of Halvorson
et al. (2002) who indicated that tillage does not affect wheat
forage yields in a study that compared different conservation
tillage techniques with CT.

Forage Nutritive Value
In 2003-2004, there were significant effects (P < 0.04) of
tillage treatment, month, and tillage treatment x month for
CP,NDF, and IVOMD. Treatment and month effects were

significant (P < 0.01) for ADF, but there was no interaction

(P =0.18) of these effects. In October and March, CP was not
affected (P = 0.18) by tillage treatment, average of 325 and 201
+ 8.3 gkg™!. While in January, CT (131 + 8.3 gkg™!) pastures
contained less (P < 0.01) CP than RT (171 gkg™!) or NT (160
gkg™1). In April, CP content of NT pastures (105 + 8.3 gkg™)
was less (P < 0.01) than CT (142 gkg™!) and RT (135 gkg ™).
The NDF concentration was not affected (P = 0.08) by tillage
treatment in October, averaging 450 + 15.7 g kg‘l. In January
and March, NDF was less (P < 0.05) for CT (536 and 531 +
15.7 gkg™!, respectively) than RT (622 and 596 gkg™!) and
NT (618 and 590 g kg_l). In April, NDF concentration of NT
(682 + 15.7 gkg™!) pasture was greater (P < 0.02) than CT
(614 gkg™!) or RT (629 gkg ™). Across the 2003-2004 graz-
ing study, ADF concentrations of CT pastures (285+8.3 g
kg™!) were less than RT (313 gkg™!) or NT (314 gkg™!). From
October to November, ADF increased (P < 0.01) from 202 to
337 + 9.5 gkg™!. The ADF concentration decreased (P = 0.02)
from January to March (322 + 9.5 gkg™!) with the initiation of
spring growth, yet increased to 355+ 95 g kg_l in April with
increased plant maturity. In October and January, IVOMD
did not differ (P 2 0.15) among tillage treatments, average of
844 and 726 +23.5 gkg_l, respectively. In March, IVOMD of
CT (853 +20.3 gkg™!) was greater (P =0.01) than NT (763 g
kg™!). In April, IVOMD was not affected (P > 0.11) by tillage
treatment, averaging 782 £ 20.3 g kg_l.

In 2004-2005, there were significant effects (P < 0.02) of
tillage treatment, month, and tillage treatment x month for
CP, ADF, and IVOMD concentrations. The effects of tillage
treatment and month were significant for NDF, but there was
no interaction (P = 0.10). Crude protein was not affected (P >
0.07) by tillage treatment in October, averaging 358 + 10.6 g
kg™!. In November and December, CP content of RT (300 and
248 +10.6 gkg™!) and NT (300 and 220 + 10.6 gkg ™) was
less than CT (336 and 278 # 10.6 gkg™!) while in January CP
content of RT (318 + 10.6 gkg™!) was greater (P < 0.01) than
CT (255 gkg™) and NT (268 gkg™!). The CP contents of the
forage collected in February and April were greater (P < 0.01)
for RT than CT, but NT was intermediate and did not differ
from RT or CT, averaging 258 and 142, 307 and 210, and 280
and 198 + 10.6 gkg™! for CT, RT, and NT in February and
April, respectively. In March and May, CP of forage sampled
did not differ (P 2 0.13) due to tillage system, averaging 268
and 123 + 10.6 gkg_l, respectively. The NDF content was
greater (P < 0.01) in N'T than CT and RT across the study,
averaging 506, 490, and 483 + 5.1 gkg ™!, respectively. The con-
centration of NDF decreased (P < 0.01) from 481 + 8.4 gkg™!
in October to 411 gkg™! in December, and then increased (P
<0.01) to 502 and 511 gkg™! in January and February. With
the initiation of spring re-growth in March NDF decreased
to 441 + 8.4 gkg™!, then increased (P < 0.04) with increas-
ing maturity in April and May. Acid detergent fiber was not
affected (P = 0.13) by tillage system in October and November,
averaging228and 217 + 8.4 ¢ kg_l, respectively. In December,
ADF concentration was greater (P < 0.01) in NT (232 + 8.4
gkg™!) than CT (174 gkg™') and RT (185 gkg™!), while in
January ADF did not differ (P = 0.44) for NT (261 + 8.4¢g
kg™!) and CT (289 gkg™!) pastures, but were greater (P < 0.01)
than RT (188 gkg™!). In February, ADF was greater (P < 0.01)
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in CT (247 + 8.4 gkg™!) than RT (188 gkg™!), while NT
(220 gkg™!) was intermediate and did not differ (P > 0.09)
from cither. Acid detergent fiber was not affected (P 2 0.15)
by tillage system in March, April, or May, averaging 198, 303,
and 338+ 8.4 ¢ kg‘l, respectively. In October and November,
IVOMD was not affected (P = 0.09) by tillage system, averag-
ing 824 and 864 + 20.0 gkg‘l, respectively. In December and
January, IVOMD of N'T (782 # 20.0 gkg™!) was less (P < 0.01)
than CT (867 gkg™!) and RT (876 gkg™!), while in February
digestibility of CT (783 + 20.0 gkg™!) was less (P < 0.01) than
RT (855 gkg ™). In March, April, and May IVOMD was not
affected by tillage system, averaging 860, 713,and 658 +20.0 g
kg_l, respectively.

In 2005-2006, there were significant effects (P<0.02) of
tillage treatment, month, and tillage treatment x month for
CP concentration. Crude protein was not affected (P > 0.16)
by tillage treatment in October, November, or December, aver-
aging 283, 285, and 234 + 8.7 gkg ™!, respectively. In January,
CP content of CT was greater (P < 0.01) than RT and NT.

In February, CP was less (P < 0.05) for RT than NT and CT,
which did not differ (2 = 0.93). During March and April, for-
age CP content did not differ (P = 0.30) due to tillage treat-
ment, averaging 207 and 123 + 5.1 gkg_l, respectively. The
effect of month was significant (P < 0.01) for NDF and ADF
concentration, but there was no effect (P = 0.10) of tillage treat-
ment or treatment X month. The NDF remained constant (P =
0.34) during October and November, averaging 418 and 427 +
70g kg_l, respectively. The NDF content increased (P < 0.01)
from November to December but again remained constant (2
2 0.56) during December, January, and February, averaging
465,466, and 460 * 8.1 gkg_l, respectively. With increasing
maturity, NDF content increased (P < 0.01) from February
through May. The ADF was greater (P = 0.03) in December
than in November, but remained constant (P > 0.06) from
November to February. The ADF increased (P = 0.04) from
201 £8.7 gkg‘1 in February to 260 and 372 g kg_l in March
and April, respectively. The effects of tillage treatment and
month were significant (P < 0.02) for IVOMD, yet there was
no tillage treatment x month interaction (P = 0.13). Across
sampling dates, [VOMD of RT was less (P < 0.02) than CT
and N'T, which did not differ (P = 0.73), averaging 767, 794,
and790+69g kg_l, respectively. The IVOMD did not differ
(P =0.71) in October and November, averaging 865, and 870
+105g kg_l, respectively. In January, IVOMD decreased (P
=0.02) to 721 + 10.5 gkg™! then increased through February
and March, averaging 791 and 826 gkg_l, respectively. With
increased maturity and fiber content IVOMD decreased (P <
0.01) to 581 + 10.5 gkg™! in April.

Although changes were observed in CP and IVOMD over
the months of the grazing studies, it should be pointed out
that digestibility and protein content were greater than animal
requirements for a 250-kg steer to gain body weight in excess
of 1.20 kg d~! (70% total digestible nutrients and 12.4% CP;
National Research Council, 1996) until the end of the spring
grazing season in late April or early May of each year. This
indicates that small-grain forage provides a nutrient-dense diet
for grazing cattle and any differences in animal performance
among establishment methods would likely be due to restric-
tions in forage availability.

Animal Production

Fall and Winter Grazing Period

In 2002, precipitation (Table 2) was less than 30-yr average
levels during September, October, November, January, March,
and April and was above 30-yr average during December,
February, and May; while average daily temperatures (Table 2)
were close to 30-yr average during the grazing season. Steers
were removed from all pastures on 28 January for a total of
76, 60, and 68 grazing days for CT, RT, and NT, respectively
(Table 1). Tillage system did not affect (P = 0.34) BW at the
end of fall grazing or total BW gain (P 2 0.13). Average daily
gain was 0.21 kg greater (P = 0.02) for steers grazing RT than
CT; however, NT was intermediate and did not differ (P =
0.77) from CT and RT.

During the fall and winter of 2003 to 2004, steers grazed pas-
tures for a total of 87 d (Table 1). At the end of the fall grazing
period, BW, total BW gain, and ADG (Table 3) of steers grazing
NT were 17, 15.4, and 0.17 kg, respectively, greater (2 = 0.01)
than CT and RT, while CT and RT did not differ (P > 0.85).

Theoretically, the ability to conserve soil moisture during the
summer months before planting should be a distinct advantage
for the NT system. This proved to be true, because during the
2004-2005 fall grazing season steers grazed CT, RT, and NT
for a total of 56, 53, and 73 d, respectively (Table 1). At the end
of the fall grazing period of 2004-2005, there were no differ-
ences (P 2 0.19) in BW (Table 3) among tillage systems, while
total BW gain of steers grazing N'T pastures was 12 kg greater
(P =0.01) than RT and CT. The ADG (Table 3) of steers graz-
ing N'T tended (P = 0.09) to be 0.12 greater than CT and RT,
which did not differ (P = 0.53).

Even with the low rainfall totals during the fall 0o£ 2005
(Table 2), steers grazed pastures a total of 90 d (Table 1). At the
end of the fall grazing period 0of 2005-2006, BW, total BW
gain, and ADG of the steers averaged 342 + 7.4, 108.7 + 4.5,
and 1.21 + 0.05 kg, respectively, and did not differ (P > 0.45)
by tillage method.

Spring Grazing Period

During the spring grazing phase of 2003, the respective
average grazing days for CT, RT, and NT were 66, 69, and 68
d (Table 1). At the end of the spring grazing period of 2003,
animal BW and total BW gain (Table 3) of RT steers was 21
and 14.5 kg, respectively, greater (P < 0.04) than CT. The
ADG (Table 3) of steers grazing RT tended (2 = 0.06) to be
0.18 kg greater than CT steers. Animal BW at the end of the
spring grazing period 2003, total BW gain, and ADG of NT
steers did not differ (P > 0.78) from CT and RT. In the spring
0f 2004, steers grazed pastures for a total of 56 d (Table 1). At
the end of the spring grazing period of 2004, BW, total BW
gain, and ADG (Table 3) did not differ (P > 0.38) among till-
age systems.

In the spring of 2005, steers grazed CT, RT, and NT pas-
tures for an average of 56, 59, and 59 d, respectively (Table 1).
Steer BW at the end of the spring 2005 grazing period was
not affected (P 2 0.16) by tillage system, but total BW gain
of steers grazing RT was 14.3 kg greater (P = 0.01) than CT.
Average daily gain during the spring of 2005 did not differ
among tillage systems (P 2 0.12).

Agronomy Journal <+ Volume 100, Issue 5 -

2008

1293



Table 3. Effect of tillage system on body weight (BW) and av-
erage daily gain (ADG) of steers grazing small-grain pastures
during the fall and spring grazing periods.

Establishment Initial Off pasture BW

method BW BW gain ADG
kg steer™! kg steer™! d~!
Fall, 2002-2003
No till 213 272 59.5 0.92
Conventional tillage 211 277 66.1 0.84
Reduced tillage 216 276 59.5 1.05
SEt 2.7 37 3.06 0.062
Contrast} P>F
| 0.75 0.34 0.37 0.77
2 0.18 0.79 0.13 0.02
Spring, 2003
No till 257 330 722 1.02
Conventional tillage 257 320 63.1 0.91
Reduced tillage 263 34| 77.6 1.09
SEt 44 8.4 5.8l 0.077
Contrast} P>F
| 0.63 0.95 0.78 0.85
2 0.19 0.03 0.04 0.06
Fall,2003—-2004
No till 210 266 56.8 0.65
Conventional tillage 207 248 41.2 0.47
Reduced tillage 208 249 41.5 0.48
SEt 223 53 4.55 0.052
Contrast} P>F
| 0.45 0.01 0.0l 0.0l
2 0.73 0.85 0.96 0.96
Spring, 2004
No till 236 297 61.2 1.09
Conventional tillage 231 293 61.9 .11
Reduced tillage 231 293 62.4 .11
SEt 2.5 34 2.16 0.039
Contrast} P>F
| 0.14 0.38 0.72 0.72
2 0.79 0.92 0.89 0.88
Fall, 20042005
No till 215 28I 66.7 0.90
Conventional tillage 222 272 50.3 0.75
Reduced tillage 225 266 41.5 0.80
SEt 57 74 6.16 0.057
Contrast} P>F
| 0.22 0.19 0.01 0.09
2 0.70 0.59 0.32 0.53
Spring, 2005
No till 226 285 59.0 1.00
Conventional tillage 229 277 48.3 0.90
Reduced tillage 224 287 62.6 1.03
SEt 37 4.5 3.84 0.056
Contrast} P>F
| 0.95 0.56 0.46 0.60
2 0.28 0.16 0.01 0.12
Fall, 2005-2006
No till 233 345 I11.5 1.24
Conventional tillage 233 339 106.2 1.18
Reduced tillage 234 342 108.4 1.20
SEt 6.2 7.3 453 0.050
Contrast} P>F
| 0.99 0.65 0.45 0.45
2 0.87 0.73 0.73 0.74
Spring, 2006
No till 24| 297 55.3 1.01
Conventional tillage 239 296 56.9 0.97
Reduced tillage 24| 298 56.2 1.05
SEt 2.9 34 2.51 0.046
Contrast} P>F
| 0.77 0.95 0.68 0.95
2 0.63 0.80 0.83 0.24

1 Standard Error of treatment least-squares means, n = 5.
F Preplanned contrasts included: (1) no till vs. conventional tillage and reduced
tillage; (2) conventional tillage vs. reduced tillage.

In the spring of 2006, steers grazed for an average of 56, 59,
and 59 d for CT, RT, and NT, respectively (Table 1). At the
end of the spring 2006 grazing period, BW, total BW gain, and
ADG of the steers averaged 297 + 3.4,56.2 + 2.5, 1.01 + 0.046
kg, respectively, and did not differ (P =20.24) by tillage method.

Total Grazing—d ha~! and Gain ha-!

During the 2002-2003 study, grazing-d ha™! (Table 4)
was 107 d greater (P = 0.01) for CT than RT, yet NT did not
differ (P = 0.81) from CT and RT. Total BW gain ha™! was
not affected (P = 0.42) by tillage treatment averaging 514
+ 21.3 kg. The reduction in ADG and increase in grazing-d
ha~! observed for CT compared with RT indicate that visual
appraisal of forage allowance was not adequate for the tillage
systems in this study. For this reason, identical stocking rates were
used for all tillage system pastures and rising plate meters were
used to estimate forage mass for subsequent years in the study.

During the 2003-2004 study, grazing-d ha™! (Table 4)
were identical (634 animal days) for all pastures during the
study and could not be compared statistically. Total BW gain
ha™! (Table 4) was 52 kg greater (P = 0.05) for NT than RT
and CT, while CT and RT did not differ (P = 0.89). During
the 2004-2005 study, pastures established by NT produced
46 more (P = 0.05) grazing-d ha™! (Table 4) than CT and RT,
which did not differ (P = 0.97). Total BW gain ha~! during

Table 4. Effect of tillage system on grazing-d ha~! and gain ha~! of small-
grain pastures.}

Establishment method Grazing-d ha™! Gain ha™!
2002-2003
No till 569 513
Conventional tillage 630 529
Reduced tillage 523 500
SEt 25.8 21.3
Contrast§ P>F
| 0.8l 0.42
2 0.01 0.57
2003-2004
No till 634 551
Conventional tillage 634 497
Reduced tillage 634 500
SEt - 19.6
Contrast§ P>F
| - 0.05
2 - 0.89
2004-2005
No till 510 493
Conventional tillage 464 393
Reduced tillage 464 451
SEt 16.9 32.1
Contrast§ P>F
| 0.05 0.10
2 0.97 0.23
2005-2006
No till 625 708
Conventional tillage 654 719
Reduced tillage 618 713
SEt 10.2 25.8
Contrast§ P>F
| 0.39 0.8l
2 0.03 0.89

1 Grazing seasons were fall 2002 to spring 2003, fall 2003 to spring 2004, fall
2004 to spring 2005, and fall 2005 to spring 2006.

} Standard Error of treatment least-squares means, n = 5.

§ Preplanned contrasts included: (1) No till vs. Conventional tillage and Reduced
tillage, (2) Conventional tillage vs. Reduced tillage.
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2004-2005 (Table 4) tended (P = 0.10) to be 69 kg greater for NT
than CT and RT, while RT did not differ (P = 0.23) from CT.

During the 2005-2006 study, pastures established by CT
produced 36 more (P = 0.03) grazing-d ha™! (Table 4) than
RT, while N'T was intermediate and did not differ (P = 0.39).
Total BW gain ha™! (Table 4) did not differ (P > 0.81) due to
tillage treatment, averaging 713 + 25.8 kg ha L

The ADG and gain per ha in this experiment were somewhat
greater than values reported by Bertrand and Dunavin (1983) when
comparing NT and CT for the production of a cool-season for-
age mixture consisting of rye, ryegrass, and crimson clover. These
authors reported that cattle on N'T pastures gained an average of
0.73 kg per day and cattle grazing CT pasture had average daily
gains of 0.68 kg when grazed from mid-December to early May.

Differences in forage production and animal performance
from year to year and among tillage systems may be explained by
differences in environmental conditions. Environmental condi-
tions affect small-grain forage yields from year to year (Henry and
Gallaher, 1993). Uncertainty of forage production occurs because
of inadequate soil moisture for stand establishment in the fall,
as observed in the fall of 2004 (Table 2). The ability to conserve
moisture during the summer months before planting was a dis-
tinct advantage for the NT system, which produced more forage
in November 2004, thereby allowing cattle to be placed on pasture
carlier than the other treatments. An economic analysis reported
by Beck et al. (2005) indicates that forage production in the fall is
a primary limiting factor in profitability of stocker cattle programs
because value of BW gain averaged $1.39 kg_1 for fall and winter
grazingand $0.52 kg‘l for spring grazing based on Arkansas
market prices for the 10-yr period from 1991 to 2000. Clary and
Rouquette (2004) compared the profitability of purchasing calves
in the fall or spring for the spring grazing period. These research-
ers found that purchasing calves in the fall for spring grazing
was more profitable than waiting to purchase these calves in the
spring, even though this would require considerable feed expenses.
Conservation tillage practices that can reduce weather-related risks
for stand establishment and forage production should have builtin
economic advantages for stocker cattle producers.

CONCLUSIONS

Tillage system had an impact on animal performance in this
study; during the fall forage, growth was limited by lack of timely
rainfall. In this experiment, NT establishment of small-grain forages
for stocker calves was superior to CT and RT practices when fall
rains are delayed and soil water profile can be maintained by summer
chemical fallow. Establishment of small-grain pasture with conserva-
tion-tillage techniques was as successful as CT practices when timely
fall rains promoted emergence and growth in all systems.

ACKNOWLEDGMENTS

The project was supported by the National Res. Initiative of the USDA
Coop. State Res., Education and Ext. Serv., grant no. 2005-35101-15344.
The authors wish to express their appreciation to Tom Hess, Brandon
Stewart, and Pat Capps for their technical assistance during the study.

REFERENCES
Allen, C.L., and M.H. Entz. 1994. Zero-tillage establishment of alfalfa and

meadow bromegrass as influenced by previous annual grain crop. Can. J.

Plant Sci. 74:521-529.

Association of Official Analytical Chemists. 1990. Official methods of analysis.
15th ed. AOAC, Atrlington, VA.

Beck, P.A., S.A. Gunter, D.S. Hubbell, III, L.B. Daniels, and K.B. Watkins. 2005.
Performance of stocker cattle grazing cool-season annual grass mixtures in
northern Arkansas. Prof. Anim. Sci. 21:465-473.

Bertrand, J.E., and L.S. Dunavin. 1983. Cool-season annual pastures stubble-seeded
(no-till drilled) following early soybeans and grazed by growing beef steers. p.
80-82. Fla. Beef Cattle Res. Rep. Fla. Agric. Exp. Stn., Gainesville, FL.

Chapman, S.L. 1998. Soil Test Recommendations Guide. Univ. Arkansas Coop.
Ext. Serv. AGR-9, Little Rock.

Clary, G.M., and F.M. Rouquette, Jr. 2004. Economic impact of stock-
ing strategies for steers grazing rye-ryegrass pastures. TAMU-
Overton Forage-Livestock Field Day Report April 2004. Research
Center Technical Report No. 2004-01:105. Online. Available:
Http://overton.tamu.edu/field_day_reports/pdfs/FD-04-CLARY-
CONOMICIMPACT.pdf. Accessed 17 January 2007.

Cole, CV,, J. Duxbury, J. Freney, O. Heinemeyer, K. Minami, A. Mosier, K.
Paustian, N. Rosenberg, N. Sampson, D. Sauerbeck, and Q. Zhao. 1997.
Global estimates of potential mitigation of greenhouse gas emissions by agri-
culture. Nutr. Cycl. Agroecosyst. 49:221-228.

Consortium. 1988. Guide for the care and use of agricultural animals in agri-
cultural research and teaching. Consortium for Developing a Guide for
the Care and Use of Agricultural Animals in Agricultural Research and
Training, Champaign, IL.

Coulibaly, N., D.J. Bernardo, and G.W. Horn. 1996. Energy supplementation
strategies for wheat pasture stocker cattle under uncertain forage availability.
J. Agric. Appl. Econ. 28:172-179.

Cuomo, GJ., and D.C. Blouin. 1997. Annual ryegrass forage mass distribution as
affected by sod-suppression and tillage. J. Prod. Agric. 10:256-260.

Garcfa-Préchac, F., O. Ernst, G. Siri-Prieto, and J.A. Terra. 2004. Integrating no-
till into crop—pasture rotations in Uruguay. Soil Tillage Res. 77:1-13.

Gemtos, T.A., S. Galanopoulou, and C. Kavalaris. 1998. Wheat establishment
after cotton with minimal tillage. Eur. J. Agron. 8:137-147.

Halvorson, A.D., G.A. Peterson, and C.A. Reule. 2002. Tillage system and crop
rotation effects on dryland crop yields and soil carbon in the central Great
Plains. Agron. J. 94:1429-1436.

Henry, G.M., and R.N. Gallaher. 1993. Forage quality and nutrient contents
for oat and rye grown in central Florida. Agron. Res. Rep. AY-93-02.
Univ. of Florida, Gainsville.

Hoelscher, J.E., and G.D. Laurent. 1982. Soil survey of Independence County,
Arkansas. USDA-SCS, Arkansas Agric. Exp. Stn., Fayetteville

Lang, D.J. 1992. No-till winter annuals following crabgrass and subsequent yield
of crabgrass. Bull. 220:24. Mississippi Agric. For. Exp. Stn., Jackson.

Michell, P, and RV. Large. 1983. The estimation of herbage mass of perennial
ryegrass swards: A comparative evaluation of a rising-plate meter and a single
probe capacitance meter calibrated at and above ground level. Grass Forage
Sci. 38:295-300.

National Research Council. 1996. Nutrient requirements of beef cattle (7th ed.).
National Academy Press, Washington, DC.

Redmon, L.A., ET. McCollum, III, GW. Horn, M.D. Cravey, S.A. Gunter, P.A.
Beck, .M. Mieres, and R. San Julian. 1995. Forage intake by beef steers grazing
winter wheat with varied herbage allowances. J. Range Manage. 48:198-201.

Ribera, L.A., F.M. Hons, and JW. Richardson. 2004. An economic comparison
between conventional and no-tillage farming systems in Burleson County,
Texas. Agron. J. 96:415-424.

SAS Institute. 1991. SAS user’s guide. SAS Inst., Cary, NC.

Sollenberger, L.E., and J.C. Burns. 2001. The conduct of grazing trials: Rationale,
treatment selection, and basic measurements. Available at http://spfcic.okstate.
edu/proceedings/2001/utilization/sollenberger_burns.hem  (cited 11 April
2007; verified 1 July 2008). /z D. Lang (ed.) Proc. 56th Southern Pasture
Forage Crop Improvement Conf., Springdale, AR. 21-22 Apr. 2001.

Soon, Y.K., FW. Clayton, and W.A. Rice. 2001. Tillage and previous crop effects
on dynamics of nitrogen in a wheat-soil system. Agron. J. 93:842-849.

USDA. 2003. USDA targeted incentives for greenhouse gas sequestration.
Release No. 0194.03. Available at http://www.usda.gov/wps/portal/tut/
p/_s.7_0_A/7_0_10B/.cmd/ad/.ar/sa.retrievecontent/.c/6_2_1UH/.
cel/7_2_5]M/.p/5_2_4TQ/.d/3/_th/]_2_9D/_s.7_0_A/7_0_10B?
PC_7_2_5]JM_contentid=2003/06/fs-0194.html&PC_7_2_5]M_
navtype=RT&PC_7_2_5]M_parentnav=LATEST_
RELEASES&PC_7_2_5]M_navid=NEWS_RELEASE (cited 16 Jan.
2007; verified 15 July 2008). USDA, Washington, DC.

Wiatrak, PJ., D.L. Wright, and J.J. Marois. 2004. Tillage and residual nitrogen
impact on wheat forage. Agron. J. 96:1761-1764.

Agronomy Journal <+ Volume 100, Issue 5 -

2008

1295



